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@ Control system for a ctuteh for a motor vehicle. 

@ A control system for an electromagnetic clutch for a 
vehicle having an engine speed sensor (19), a clutch driven 
member speed sensor (21) and a throttle position sensor (29), 
has a memory (35) storing fi rst toroue capacities increasing 
with increase of engine speed and storing a second torque 
capacities jn accordance wi th engine speed and throttle 
position. An actual clutch engagement rate is calculated based 
on output signals of the engjne^pfiext^ensop-and the clutch 
driven member speed sensor. A first torque capacity and a 
second torque capacity are derived from the memory in 
accordance with output signals at the three sensors. A torque 
capacity Tc for engaging the clutch is calculated as follows : 

Tc - Re.TcL + (1 -Re).Tcs 
where Re is the clutch engagement rate, Tcs is the first torque 
capacity and TcL is the second torque capacity. 
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Description 



Control System for a Clutch for a Motor Vehicle 



The present invention relates to a control system 
for an electromagnetic clutch for a transmission of a 
motor vehicle, and more particularly, though not 5 
exclusively, to a system for providing an optimum 
torque capacity of the clutch in a starting mode of 
the vehicle and in a lockup engagement mode. 

Various systems for controlling electromagnetic 
clutch for a continuously variable belt-drive trans- 10 
mission have been proposed by the applicant. 
Generally, the electromagnetic clutch of the trans- 
mission is controlled by a control system to provide 
various operational modes such as a starting mode 
of a vehicle, reverse excitation mode, drag mode, 15 
and mode of lockup engagement One of the modes 
is selected In accordance with a position of a 
selector lever and driving conditions to control the 
electromagnetic clutch. 

For example, Japanese Patent Laid Open 20 
60-139540 (U.S. Patent 4,669,591) discloses a con- 
trol system for an electromagnetic clutch. In the 
system the torque capacity of the clutch Is con- 
trolled to increase with increase of engine speed in 
the starting mode, while in the lockup engagement 25 
mode, torque capacity is controlled in accordance 
with engine torque which is determined by the 
engine speed and engine load. In a transient state 
mode between the starting mode and lockup 
engagement mode, the torque capacity gradually 30 
increases to smoothly change the operational 
modes. Since the torque capacity increases with the 
increase of the engine speed, a desirable starting 
characteristic can be provided However, there is a 
discontinuous changing point in the control oper- 35 
ation during the transient state mode, which has 
unfavourable influence on the control. 

The operation of the control system in the starting 
and lockup engagement modes is described in detail 
with reference to Figs. 3a, 3b, 5a and 5b. The 40 
relationship between the engine torque Te and 
torque capacity Tc of the clutch can be generally 
expressed as follows. 

Te-Tc = le - d©e/dt 
where le is a moment of inertia of the engine and coe 45 
is an angular velocity of the crankshaft of the engine. 
When the engine torque and torque capacity are 
equal, the engine speed is constant (doe/dt = 0). 

In the starting mode, the torque capacity Tc is 
controlled as a function of the engine speed Ne as 50 
shown in Fig. 3a and by a line Tc in Fig. 5a. The 
characteristic of the engine torque Te also changes 
in dependence on the engine speed Ne at each 
throttle opening degree, as shown by lines Te a and 
Te p which show the engine torque characteristics at 55 
throttle opening degrees a and p, respectively. At 
the throttle opening degree a , the torque capacity 
Tc is equal to the engine torque Tea at a point A 
when the engine speed is Nea. When the throttle is 
further opened to the opening degree p, the engine 60 
torque increases from Tea to Teb at a point B, since 
the engine speed does not quickly increase. After 
that, the engine speed increases to Nec at a speed 



in accordance with the following equation. 

dtoe/dt = (Teb -Tca)/le 
As the engine speed increases, the engine torque 
Teb decreases along the line Te P toward an engine 
torque Tec at a point C. At the same time, torque 
capacity increases with the increase of the engine 
speed along the line Tc so as to become equal to the 
engine torque at the point C. Thus, when the engine 
torque is increased, the clutch slips and thereafter 
the torque capacity increases with the increase of 
engine speed, and finally engages again. Namely, 
there is a converge operation such as the feedback 
operation. 

However, although the clutch engages appropri- 
ately, the slipping of the clutch occurs whenever the 
engine torque changes. Accordingly, in a high 
vehicle speed range, increase of the engine torque 
results in rapid increase of the engine speed so that 
the engine torque is not effectively transmitted by 
the slipping of the clutch. Thus, driveabiTrty and fuel 
consumption of the vehicle deteriorate. 

On the other hand, in the lockup engagement 
mode, the relationship among the engine torque Te, 
torque capacity Tc and torque Tr of running 
resistance of the vehicle can be represented as 
follows. 

Te-Tc = le • dcoe/dt 

Tc-Tr = lb - dcob/dt 
where lb is a moment of inertia of the vehicle and cob 
Is an angular velocity of an output member of the 
clutch. Since oe «=©b in the lockup engagement 
mode, 

Tc - (lb - Te + le - Tr)/(le + lb) 
When me vehicle Is in a steady state, the torque Tr of 
running resistance Is equal to the engine torque Te 
so that the clutch torque Tc is equal to the engine 
torque Te. 

Referring to Fig. 5b, when the throttle opening 
degree changes from a at a point A, where engine 
torque and torque capacity are equal to each other, 
to p f the engine torque increases from Tea to Teb. 
Accordingly, the torque capacity increases from Tea 
to Teb. Thus, engine speed is constant (d coe/ 
dt = 0), so that engine torque is transmitted to the 
transmission system without racing of the engine. 
However, since the clutch does not slip, the vehicle 
cannot be smoothly started at the starting mode. 
Additionally, if the engine torque increases abnor- 
mally beyond a predetermined range, the clutch 
starts to slip. Since the system has not a converge 
function, the clutch capacity does not increase, so 
that the clutch continues to slip. 

In order to avoid such disadvantages, Japanese 
Patent Laid Open 59-187118 discloses a system 
which provides a torque capacity larger than the 
engine torque. However, during the starting mode, 
the engine torque is not smoothly transmitted 
thereby deteriorating the driveability. 

The present invention seeks to provide a control 
system for a clutch where optimum torque capacity 
of the clutch is provided in the starting mode, 
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lock-up engagement mode and transient state 
mode, thereby preventing the above described 
disadvantages. 

According to the present invention, there is 
provided a control system for a clutch for a vehicle 
driven by an engine having an engine speed sensor, 
a clutch driven member speed sensor and a throttle 
position sensor, the system comprising: a memory 
storing first torque capacities increasing with in- 
crease of engine speed and storing a second torque 
capacities dependent on engine torque characteris- 
tic in accordance with engine speed and throttle 
position; means responsive to output signals of the 
engine speed sensor and the clutch driven member 
speed sensor for producing an actual clutch en- 
gagement rate signal; deriving means responsive to 
output signals of said three sensors for deriving a 
first torque capacity and a second torque capacity 
from the memory; means responsive to the dutch 
engagement rate signal and first and second torque 
capacities for calculating a torque capacity: actuat- 
ing means for engaging the clutch in accordance 
with the calculated torque capacity. 

The clutch is engaged in accordance with the 
calculated torque capacity. 

In an aspect of the invention, the equation for 
calculating the torque capacity Tc is 

Tc - Re.TcL + (1 - ReJ.Tcs 
where Re is the clutch engagement rate, Tcs is the 
first torque capacity and TcL is the second torque 
capacity. 

A preferred embodiment of the invention will now 
be described, by way of example, with reference to 
the accompanying drawings, wherein: 

Figure 1 is a schematic illustration of a 
system for controlling an electromagnetic 
clutch for a motor vehicle ; 

Figure 2 shows a block diagram of a control 
unit according to the present embodiment; 

Figure 3a is a graph showing a characteristic 
of the torque capacity in a starting mode ; 

Figure 3b is a graph showing a characteristic 
of the torque capacity based on engine torque 
when the clutch is locked-up; 

Figure 3c is a graph showing a relationship 
between the torque capacity and the clutch 
current; 

Figure 4 is a graph showing a characteristic 
of the torque capacity in the present embodi- 
ment; and 

Figures 5a and 5b show characteristics of the 
torque capacity in a conventional control sys- 
tem. 

Referring to Figure 1. a crankshaft 10 of an 
engine 1 is operative^ connected to an electromag- 
netic powder clutch 2 for transmitting the power of 
the engine 1 to a continuously variable belt-drive 
automatic transmission 4 through a selector mech- 
anism 3. The output of the belt-drive transmission 4 
is transmitted to axles 8 of vehicle driving wheels 9 
through an output shaft 13, a pair of intermediate 
reduction gears 5, an intermediate shaft 6, and a 
differential 7. 

The electromagnetic powder clutch 2 comprises 
an annular drive member 2a connected to crankshaft 



10 of the engine 1 , a driven member 2b secured to an 
input shaft 11 of the transmission 4, and a 
magnetizing coil 2c provided in the driven member 
2b. Powder of magnetic material is provided in a gap 
5 between the drive member 2a and driven member 
2b. When the magnetizing coil 2c is excited by the 
clutch current, driven member 2b is magnetized to 
produce a magnetic flux passing through the drive 
member 2a The magnetic powder is aggregated in 

10 the gap by the magnetic flux and the driven member 
2b is engaged with the drive member 2a by the 
powder. On the other hand, when the clutch current 
is cut off, the drive and driven members 2a and 2b 
are disengaged from one another. 

15 In the belt-drive transmission 4. the selector 
mechanism 3 is provided between the input shaft 11 
and a main shaft 12. The selector mechanism 3 is 
provided with a synchro mesh mechanism compris- 
ing gears, hub, and sleeve for connecting the input 

20 shaft 1 1 and the main shaft 12 to selectively provide 
a driving position (D-range) and a reverse driving 
position (R-range). 

The continuously variable belt-drive automatic 
transmission 4 has the main shaft 12 and the output 

25 shaft 13 provided in parallel with the main shaft 12. A 
drive pulley 14 provided with a hydraulic cylinder 14a 
is mounted on the main shaft 12. A driven puBey 15 
provided with a hydraulic cylinder 15a is mounted on 
the output shaft 13. A drive belt 16 engages with the 

30 drive pulley 14 and the driven puiley 15. Hydraulic 
cylinders 14a and 15a are communicated with an oil 
hydraulic control circuit 17. The hydraulic control 
circuit 17 is responsive to vehicle speed, engine 
speed and throttle valve position for controlling the 

35 amount of oil supplied to the cylinders 14a and 15a. 
The pulleys 14 and 15 are operated by compressive 
forces of cylinders so that the running diameter of 
belt 16 is varied to infinitely change the transmission 
ratio. 

40 An electronic control system for the clutch 2 and 
the belt-drive transmission 4 has an engine speed 
sensor 19, and rotating speed sensors 21 and 22 for 
respectively sensing rotating speeds of drive pulley 
14 and the driven pulley 15. A choke switch 24 

45 produces an output signal when a choke valve of the 
engine 1 is closed, and an air conditioner switch 23 
produces an output signal at the operation of an air 
conditioner. A selector lever 25 connected to the 
selector mechanism 3 is provided with a select 

50 position sensor 26 for sensing a drive position D and 
a reverse position R. An accelerator pedal switch 28 
is provided for sensing the depression of an 
accelerator pedal 27, and a throttle position sensor 
29 is provided. 

55 Output signals of the sensors and pulses of the 
switches are applied to an electronic control unit 20 
which produces a clutch current control signal to the 
clutch 2 and a control signal for controlling the 
transmission ratio (i) and a line pressure control 

60 signal to the control circuit 17. 

Referring to Fig. 2, the electronic control unit 20 
comprises an input/output port (I/O port) 31, a 
central processor unit (CPU) 34, a read only memory 
(ROM) 35 ana* a random access memory (RAM) 36. 

65 The I/O port 31, CPU 34, ROM 35 and RAM 36 are 
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connected to each other through a bus fine 37. An 
engine speed signal Ne of the engine speed sensor 
19, which is an ignition pulse signal, is applied to the 
I/O port 31 through a waveform shaping circuit 30 
where the ignition pulse signal is shaped Into a 
square wave. A drive pulley speed signal Np from the 
rotating speed sensor 21 and a throttle position 
signal 6 from throttle position sensor 29 are also 
applied to the I/O port 31 through a waveform 
shaping circuit 32 and an A/D converter 33, 
respectively. 

The ROM 35 is provided with maps storing torque 
capacities of the electromagnetic clutch 2 with 
respect to the engine speed. The torque capacity 
Tcs changes as an increase function Tcs = f(Ne)as 
shown in Fig. 4, which starts at a clutch engagement 
rate OQfo. A torque capacities TcL at clutch engage- 
ment rate 100% based on engine torque are also 
stored in a map (shown in Fig. 3b) of ROM 35 having 
three dimensional map In accordance with engine 
speed Ne, opening degree 6 of the throttle valve and 
engine torque Te. The torque capacity TcL changes 
with the engine torque in accordance with a function 
TcL = f(Ne, 9), as shown in Fig. 3b, where the 
torque capacity is equal to the engine torque. 

In the control unit 20, an actual engagement rate 
Re of the clutch is calculated based on the engine 
speed Ne and the drive pulley speed Np (Re = Np/ 
Ne). The torque capacity TcL is derived from the 
ROM 35 in dependence on the engine speed Ne and 
throttle position 8, and the torque capacity Tcs is 
derived in accordance with engine speed Ne. In the 
system of the present invention, the torque capacity 
Tc of the clutch is calculated by the following 
equation. 

Tc = Re - TcL 4- (1 - Re) • Tcs 

Namely, the torque capacity is controlled in 
accordance with the engagement rate and the 
predetermined torque capacity Tcs. The torque 
capacity Tc, which is outputted from the I/O port 31 
as a digital voltage signal, is converted to an analog 
voltage signal at a D/A converter 38. The analog 
voltage signal is further converted at a V/l converter 
39 to a clutch current Ic. The clutch current Ic is 
further supplied to the electromagnetic clutch 2, 
thereby exciting the magnetic coil thereof. The 
torque capacity Tc varies in proportion to the clutch 
current Ic as shown in Fig. 3c. 

The operation of the control system will be 
described hereinafter with reference to Fig. 4. 

When the vehicle is driven at a throttle opening 
degree a and at engine speed Nea, the engine 
torque Tea and torque capacity Tea are equal at a 
point A. When the throttle opening degree increases 
to p, the engine torque increases to Teb at a point B, 
which is on the line showing the characteristic of the 
engine torque TcL at throttle opening degree p. 
These data Tea and Tcb are derived from the ROM 
35. The calculation for obtaining the torque capacity 
Tc Is made as follows dependent on the engagement 
rate Re at the point A and torque capacities Tea and 
Tcb. 

Tc = Re • Tcb + (1 - Re) - Tea 
Thus, the torque capacity increases as shown by a 
dotted line to a point D, where torque capacity 



becomes Ted. Since the torque capacity Ted is 
smaller than the engine torque Teb, the clutch slips. 
The torque capacity Tc increases thereafter along 
the dotted line toward a point C in accordance with 
5 the following equations. 

<toe/dt - le=Te-Tc - (1 - Re) {f(Ne, 6) -f(Ne) } 
dcob/dt - lb=Tc-Tr = Re . f(Ne,8) + 
(1-Re).f(Ne)-Tr 

where (f (Ne, 9) represents the torque capacity when 
10 the engagement rate is 1QWb, and f(Ne) represents 
the torque capacity when the engagement rate is 
CKVb. 

On the other hand, engine torque decreases as 
the engine speed increases to Nec so that the 

15 engine torque and the torque capacity become again 
equal to each other at the point C. Therefore, the 
slipping rate of the clutch and the magnitude of the 
racing of the engine dependent on changing of 
engine torque are property controlled by the actual 

2D clutch engagement rate. 

When the engagement rate Re is 0<Vb or 100%, the 
characteristic of the torque capacity is the same as 
that in the conventional control system. 
The present invention may be applied to other 

25 clutches beside the electromagnetic clutch and the 
engagement rate may be obtained by taking account 
of other factors such as vehicle speed. 

From the foregoing, it will be understood that the 
present invention provides a control system for a 

30 clutch where the clutch is controlled consistently at 
any driving conditions. At a starting mode, the 
slipping of the clutch is reduced to improve the fuel 
consumption. At the lockup engagement mode, 
when the engine torque increases abnormally, the 

35 torque capacity increases to engage the clutch, 
thereby preventing the overheat of the clutch. 

While the presently preferred embodiment of the 
present invention has been shown and described, it 
Is to be understood that this disclosure is for the 

40 purpose of illustration and that various changes and 
modifications may be made without departing from 
the scope of the invention as set forth in the 
appended claims. 

45 

Claims 



50 1 . A control system for a clutch for a vehicle 

driven by an engine having an engine speed 
sensor, a clutch driven member speed sensor 
and a throttle position sensor, the system 
comprising: a memory (35) storing first torque 

55 capacities increasing with increase of engine 

speed and storing a second torque capacities 
dependent on engine torque characteristic in 
accordance with engine speed and throttle 
position; means (34, 36) responsive to output 

60 signals of the engine speed sensor and the 

clutch driven member speed sensor for produc- 
ing an actual clutch engagement rate signal; 
deriving means (34, 36) responsive to output 
signals of said three sensors for deriving a first 

65 torque capacity and a second torque capacity 
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from the memory; means (34, 36) responsive to 
the clutch engagement rate signal and first and 
second torque capacities for calculating a 
torque capacity; actuating means (31, 38, 39) 
for engaging the clutch (2) in accordance with 5 
the calculated torque capacity. 

2. The system according to claim 1, wherein 
the torque capacity Tc is calculated by the 
operation: 

Tc = Re.TcL + (1 - ReJ.Tcs 10 
where Re is the clutch engagement rate. Tcs is 
the first torque capacity and TcL is the second 
torque capacity. 

3. A vehicle comprising: an engine (1); a 
transmission (4); a clutch (2) for coupling the 15 
engine to the transmission; an engine speed 
sensor (19), a clutch drive member speed 
sensors (21); a throttle position sensor (29); 

and a clutch control system as claimed In any 
preceding claim. 20 
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